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Abstract—Internet becomes a vital and important service being
integrated in the current scenarios of competing technologies,
therefore there is a need for higher speed broadband access.
Emergence and evolutions of technologies from the first gener-
ation to 4G LTE then to the promising 5G and WiMAX . For
achieving high data rates and services to multiple users, WiMAX
is one of the competing technology, which was introduced by
the Institute of Electrical and Electronic Engineers (IEEE)
designated for fixed wireless and mobile wireless applications
and Dedicated Short Range Communication (DSRC) is another
technology which is a trend in the vehicular network in the
current situations employed in the Intelligent Transportation
System in the United States which supports high speed data
rates. In this paper, the authors considered a hybrid scenario and
compared the communication link taken place in the DSRC-to-
DSRC traditional system with the hybrid DSRC-WiMAX system
communication link namely DSRC-to-Fixed WiMAX and Mobile
WiMAX-to-Fixed WiMAX, with evaluation of performance by
considering certain parameters simulated in MATLAB.
I. INTRODUCTION
Wireless Communications is growing leaps and bounds in
the competing area of emerging technologies. In order to
overcome the demerits of a stand-alone technology, a concept
of consolidation of two technologies comes into the picture.
Worldwide Interoperability of Microwave Access (WiMAX)
intends to blanket a wide area thereby, support efficiently
a large number of users [1].WiMAX is of two flavours,
IEEE 802.16d 2004[6] which is Fixed WiMAX based on
Orthogonal Frequency Division Multiplexing (OFDM) with
256 FFT sizes. The current revision of WiMAX is the IEEE
802.16e -2009 [9] i.e., Mobile WiMAX, which operates at
frequencies of 2 to 11 GHz for Non- Line of sight applica-
tions and based on Orthogonal Frequency Division Multiple
Access and varying FFT sizes of 128,512,1024 and 2048. The
IEEE 802.11p - 2010 [10] which is Dedicated Short Range
Communication (DSRC) on the other hand is used for point
to point communication or between vehicles to vehicles within
the range of 1Km (1000M) distance and it also serves high-
speed broadband Internet without significant roadside infras-
tructure. DSRC is based on Orthogonal Frequency Division
Multiplexing (OFDM) with 64 FFT size.
The authors in [3] have proposed combined physical layer
OFDM approach between DSRC and WiMAX for efficient
vehicular communication taking into account different mod-
ulation schemes namely, QPSK and 16 QAM modulation
techniques by taking 10MHz bandwidth to converge the 64
FFT subcarrier and 256 FFT subcarrier and combine these two
existing technologies (IEEE 802.11p and IEEE 802.11d)[2].
II. EXISTING VEHICULAR SCENARIOS
DSRC is the only standard used for Vehicle-to-Vehicle
(V2V) collision avoidance systems and is a supplement
to cellular wireless communications by offering very high
data transfer rates in situations where latency needs to be
minimized in the communication connection and in situations
where small zones needs to communicate. It is also known
as Wireless Access in Vehicular Environments (WAVE), with
IEEE 802.11p standard. The existing DSRC applications are
the Electronic Toll Collection(ETC), traveler’s alert, travel
time delay and measurement as well as warning information.
Another technology is WiMAX, which offers wide area
connectivity of vehicles and intends to broadcast or
communicates a large area that serves a large number of
users in addition with the capability of high-speed network.
Therefore Mobile WiMAXs weakness is witnessed if there are
numerous higher connections that wants to communicate [8].
By converging with other technology such as Dedicated Short-
Range Communications (DSRC), DSRC can communicate
and relatively reduce WiMAX connections. Mobile WiMAX
can cover the range between 2Km 5 Km and Fixed WiMAX
can communicate more than 10Km distance up to 50 Km.
Continuous Air interface Long and Medium range
(CALM) is another technology which offers uninterrupted
communications between a vehicle and the infrastructure
using a diversity of communication media, including cellular,
5 GHz, 63 GHz and infra-red links.
Presently, the European Countries are incorporating DSRC
technology in Intelligent Transport Systems[11]. Intelligent
infrastructures have enhanced and are used in many
applications such as safety systems, crash preventions, road
weather management, traffic incident management, electronic
payment and pricing etc.
Mobile WiMAX is based on OFDMA and Fixed WiMAX
is based on OFDM both these digital modulations are similar,
but their main differences lies in their FFT sizes where the
number of data carriers differs therefore, for sending of data or
information from Fixed WiMAX to mobile WiMAX and vice-
versa, the frame structure has been explored. The frames are
composed into downlink and uplink subframes. A downlink
subframe is separated from an uplink subframe by a Transmit
Time Gap (TTG), and the gap between the uplink subframe
and the subsequent downlink subframe is called Receive Time
Gap(RTG) as shown in Figure 1 and Figure 2.
Fig. 1. Frame Structure of Fixed WiMAX (OFDM)
Fig. 2. Frame Structure of Mobile WiMAX(OFDMA)
III. PROPOSED SCENARIO FOR HYBRID VEHICULAR
COMMUNICATION APPROACH
The proposed Hybrid Architecture of DSRC and WiMAX
communication, which satisfies the condition of Downlink and
Uplink scenario between Fixed WiMAX and Mobile WiMAX
is shown in Figure 3.
Fig. 3. DSRC to DSRC, DSRC to Fixed WiMAX Mobile WiMAX to Fixed
WiMAX infrastructure
Figure 3 depicts the scenario where we have a vehicle
having both DSRC and Mobile WiMAX transceivers, whereby
no other vehicle is present. As the Vehicle can travel using
DSRC range so it will not be able to communicate using DSRC
if it is not in the proximity of Base Station, in this case since
no other vehicle is present on the road only Mobile WiMAX
will be used.
The following are the steps for calculating the efficiency
of the WiMAX/DSRC system.
Step I: The first step is to calculate the total number of
data carriers (NDC) in the downlink directions and uplink
directions. As in OFDM, multiple accesses are achieved by
assigning a subset of subcarriers for each individual user [?]
therefore in the downlink we define a cluster which consists
of 48 subcarriers spread over one symbol.Over one symbol,
this represents 48 data carriers and 4 pilot symbols.
48 + 4 pilot symbol= 52 carriers.
Using a 10MHz channel as an example,(NDC) can be
calculated as follows:
IV. DOWNLINK AND UPLINK SCENARIO BETWEEN FIXED
WIMAX AND MOBILE WIMAX
A. Mobile WiMAX (OFDMA) to FIXED WiMAX (OFDM)
Uplink- 1024 FFT to 256 FFT
This scenario is for the uplink where nodes are sparse
and in cases where nodes move out from densely populated
areas. By considering 1024 FFT size of Mobile WiMAX
OFDMA, subchannelization comes into the picture to establish
the uplink communication between mobile WiMAX and Fixed
WiMAX. The Uplink subframe can supports only Partial
Usage of Sub-Channels (PUSC) and Adaptive Modulation
and Coding (AMC) subchannelization. A preamble is non-
existing in the uplink scenario. It is a collection of regions
for bandwidth request, frequency ranging, CQICH and uplink
burst.
Here, PUSC slot contans 1 subchannel * 3 symbols, and AMC
has 2 Subchannel * 3 symbols.
NDCforuplink =
35sc ∗ 8dc/tile ∗ 6tiles/sym
3sym/tile
(1)
= 560 datacarriers/symbol
where, ’sc’ indicates subchannels, ’dc’ indicates datacarriers
and ’sym’ is for symbol(s).
B. Fixed WiMAX (OFDM) to Mobile WiMAX (OFDMA)
Downlink- 256 FFT to 1024 FFT
This scenario is for the downlink where the BS consists of
fixed WiMAX and the Subscriber Station or Mobile WiMAX
802.16d does not support the Partial Usage of Subchannels
(PUSC) or Full Usage of Subchannels (FUSC) channel
allocations [5], therefore for the 10MHz channel bandwidth
for transmission of the OFDM packet from 256 FFT to 1024
FFT, we consider 16 QAM Modulation scheme particularly
to increase periodic ranging between 1024 FFT size to 256
FFT size. Therefore, 16QAM = FFT ∗1/4 bits per symbol;
1024 FFT∗1/4 bits per symbol = 256 FFT.
NDCfordownlink =
16sc/sym ∗ 48dc/clust ∗ 2clust/sc
2sym/clust
(2)
= 768 datacarriers/symbol
where, ’clust’ indicates cluster.
Fig. 4. Uplink and Downlink Scenario by Subchannelization
Step II: Modulation and Coding Rate:- A block is a basic
unit of data transmission which consists of total 48 number of
data carriers being carried over either two (for downlink) or
three/four (for uplink) symbols. Physical mode (m) indicates
the selected combination of the modulation and code rate.
Coded channel Block size indicates the overall bits that will
be encoded in a block. Uncoded channel Block size denotes
the number of user data bits that will be encoded in the block
and defined in the following:-
MC = NDC ∗ CR ∗ log2M (3)
Where,NDC denotes the total number of data carriers per
channel.
CR denotes the code-rate.
M denotes the number of constellation points in the digital
modulation scheme used.
Step III: The efficiency of the system can be defined by
the ratio of the MAC data transmitted over the air interface to
the total data transmitted.
Efficiency η =
Tnet/MAC
TPHY/symbol
(4)
Tnet/MAC =
Payload
Tframe
(5)
TPHY/symbol =
NDC ∗ CR ∗ log2M
Tsymbol
(6)
Where, Payload is the overall number of bits transmitted.
Tframe is the frame duration which is 5 ms for DSRC.
Tsymbol is the symbol duration
Physical transmission rate is described as follows:-
TPHY/sym =
[(NsymDL)(NDLDC ∗ CR ∗ log2M)]
(NsymDL +NsymUL)Tsym
(7)
Where, NsymDL is the total number symbol dedicated to
the downlink.
NsymUL is the total symbols dedicated to the uplink.
NDLDC is denoted for the number of data subcarriers in the
downlink.
NULDC is for the number of data subcarriers in the uplink.
Step IV: Payload calculations and the total slots available
for transmission of data are carried out in detailed in this step
whereby considering particular scenarios as mentioned further.
Here, the scenario for transmissions in downlink direction
i.e., from Fixed WiMAX(256 FFT) to DSRC(64 FFT) is
considered.
NSlotsDL = [(NsymbolsDl − 1) ∗NDLSC ] (8)
Here, we remove one symbol to provide a rationale for the
preamble.
And, considering just for the fourth scenario from Mobile
WiMAX(512 FFT) to Fixed WiMAX (256 FFT)for the uplink,
we can calculate the number of slots as follows:
NSlotsUL = [(NsymbolsUl/3) ∗NULSC ] (9)
Where,
NDLSC is the Number of channels dedicated for downlink.
NULSC is the Number of channels dedicated for uplink.
Number of total slots available for user data i.e., payload is
defined as,
Npayload = Nslots −
∑
overhead (10)
If we are considering Mobile WiMAX then the overhead of
the system takes the form of the preamble, the frame control
header (FCH), the DL MAP, the UL MAP on the downlink
and contention channels for Ranging, bandwidth request, and
fast response on the uplink. One symbol is for the preamble
which allow for synchronization of all the clients. Calculation
of payload for downlink and uplink are as follows:-
NDL payload = NslotsDL−NFCH−NDLmap−NULmap−
NDCD −NUCD
NUL payload = NslotsUL − NRanging − NCQICH −
NACK −Npadding
Where, NCQICH is the channel quality information.
Step V: The length of the DL MAP and UL MAP
messages in bytes is defined as:-
LDLMAP = NCRC+Header + LDL MapHeader +
LPHY SY NC +NDL MAP IE + LPadding
DL MAP and UL MAP are dependent on the number of
connections. Each MAP consists of a standard MAC header
and terminates with a CRC of 10 bytes. Each message has
the standard UL MAP and DL MAP with an Information
Element (IE) for each connection.
LDL MAP = 80 + 72 + 32 + ηc ∗ 60 + 4
= 188 + ηc ∗ 60
Similarly the length for the UL MAP,
LULMAP = NCRC+Header + LUL MapHeader +
NUL MAPIE + LPadding
LULMAP = 80 + 64 + ηc ∗ 48 = 144 + ηc ∗ 48
Where, ηc is the total number of active bi-directional
connections in the system.
The upload map is modulated using QPSK and the download
map is modulated using 16QAM. OFDM is tolerant to multi
path interference. A high peak data rate can be achieved by
using higher order modulations, such as 16 QAM and 64
QAM, which improve the spectral efficiency of the system
[1].
NDLMAP =
LDLMAP
QPSK
(11)
NULMAP =
LULMAP
16QAM
(12)
Genetic MAC header consists of 6 bytes, therefore 6 bytes
accounts for ranging, and 6 bytes accounts for channel quality
information(CQICH) requests.
If the transmission rate is high, the unused allocations will
leads to lost of the bandwidth, which ultimately leads to
overhead of the system,
NPadding = ηc ∗ Unused allocations (13)
MAC data bit rate in the downlink directions and uplink
directions are calculated as follows,
NDL Payload = NslotsDL − [( 6+188+ηc∗60+144+ηc∗48QPSK ) +
NPadding]
And,
NULPayload = NslotsUL − (6 + 6 +NPadding) (14)
Where, NRanging =6 and NCQICH =6 Therfore, calcula-
tion for transmission rate of MAC data is,
Tnet/MAC =
(NDLPayload +NULPayload) ∗MC)
Tframe
(15)
Where, NDLPayload and NULPayload can be referred from
equation (14).
V. SIMULATION RESULTS
Here in this paper, we are taking into consideration the
uplink and downlink scenarios where communication is
between Mobile WiMAX to Fixed WiMAX (Uplink) and
Fixed WiMAX to Mobile WiMAX (downlink).
In this paper BER is calculated to determine the error
performance based on distance between transmitter and
receiver radios.
Bit Error rate can be defined simply as the percentage of total
number of errors to the total number of bits transmitted [12].
The symbols are transmitted and the Bit Error Rate (BER)
performance versus Signal to Noise Ratio (SNR) value from
the received signals is simulated.
The parameters considered in this paper for computing
the performance is by calculating the Bit Error Rate(BER)
under 16QAM with 0.125 guard time interval for uplink
whereby communication with FFT sizes 1024- 256 and
QPSK modulation with 0.25 guard time interval for downlink
technique with FFT sizes 256-1024 for a typical SNR value
of 12 dB which is almost 0 is observed.
Figure 5 are the parameters setup values of the system which
are given as input to the system where communication takes
place between a transmitter and a receiver which may be
mobile or fixed.In Figure 5 , the value of M varies, M=1024
is for the uplink scenario and when M=256 communication
is from the Base Station to the Mobile Station which is the
downlink scenario.
Fig. 5. Parameters Initialization
Figure 6 depicts the BER with respect to uplink and
downlink communication Fixed WiMAX and Mobile
WiMAX.
Fig. 6. Bit Error Rate(BER)
VI. CONCLUSION
In conclusion, efficiency of vehicular communication has
been explored theoretically by deriving the number of data
carriers for the uplink and downlink respectively . Authors
have derived the efficiency of the system by sub channels
allocation, with the formation of clusters as well as concen-
tration on the number of symbols which are 2 for downlink
and 3 for uplink. As fixed WiMAX and DSRC have common
OFDM in the PHY layer, therefore transmission between
Fixed WiMAX and Mobile WiMAX is considered taking into
account the varying FFT sizes and number of data carriers, the
MAC data transmitted has been finally calculated. Authors also
compute the performance of the proposed combined system by
calculating the Bit Error Rate vs Signal to Noise Ratio (SNR)
is calculated at the end of the simulation for both the scenarios.
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